




































DEVELOPMENTS  OF  BIOLOGICAL  AND  CHEMICAL  NANOSENSORS 
4HE  IMPROVED  CHEMOSENSORS  	  AND  BIOSENSORS  	 
ARE BASED ON  THE  EXTRAORDINARY  OPTICAL  PROPERTIES  OF  NOBLE 
METAL  NANOPARTICLES  )NDEED  THE  ,302  NANOSENSORS  INDUCE 
THE  SMALL  LOCAL  REFRACTIVE  INDEX  CHANGES  AT  THE  SURFACE  OF 





6ARIATIONS  OF  THE  RE¾ECTIVITY  AS  A  FUNCTION  OF  THE  ANGLE  OF 
INCIDENCE IN 302 AND EXTINCTION PEAKS IN ,302 ARE RELATED TO THE 
SAME PHYSICAL PHENOMENA COLLECTIVE OSCILLATION OF ELECTRONS 
IN  THE METAL  4HE MINIMUM OF  RE¾ECTION  CORRESPONDS  TO  A 












WHICH  IS  MUCH  SMALLER  FOR  ,302  THAN  FOR  302  4HIS  MODEL 
ASSUMES A SINGLE EXPONENTIAL DECAY OF THE ELECTROMAGNETIC 
½ELD NORMAL  TO  THE PLANAR  SURFACE WHICH  IS  A  SIMPLI½CATION 






,302 GOLD NANOPARTICLE  )NDEED THIS DECAY  LENGTH  IS AROUND 
 NM 	 FOR 302 SENSORS WHEREAS IS FEW NANOMETERS 
	  FOR  ,302 NANOSENSORS  FOR OUR !U NANOPARTICLES  LD   
NM	  4HIS  DECAY  LENGTH  DEPENDS  ON  THE  SIZE  SHAPE  AND 
COMPOSITION OF THE NANOPARTICLES AND GIVES RISE TO THE LARGE 







DO  NOT  REQUIRE  A  TEMPERATURE  CONTROL  COMPARED  TO  302 

















-ERCAPTOUNDECANOIC  ACID  -5!	  3TREPTAVIDIN  3!	 
"IOTIN  ETHYLENEDIAMINE  %THYLDIMETHYLAMINOPROPYL	 








WHERE  ¥L  IS  THE  NANOSENSOR  RESPONSE  FOR  A  GIVEN  -5!  OR 
3! CONCENTRATION ¥LMAX  IN OUR CASE  NM FOR -5! AND 




4HE  SAMPLES  WERE  PREPARED  BY  IMMERSION  IN  A  GIVEN 
CONCENTRATION OF -5! IN ETHANOL AT ROOM TEMPERATURE FOR  
HOURS 4HE ,302 LMAX SHIFT ¥L VERSUS THE ;-5!= CONCENTRATION 
SPECI½C  ANGULAR  CONDITIONS  OF  EXCITATION  ARE  REQUIRED  FOR 
,302  NO  NEEDS  OF  PRISM  COUPLERBASED  GRATING  COUPLER
BASED OR OPTICAL WAVEGUIDE )N PRACTICE 302 SENSORS REQUIRE 
AT  LEAST  X  M  AREA  FOR  SENSING  EXPERIMENT  WHEREAS 
FOR  ,302  SENSING  THE PROBED ZONE CAN BE MINIMIZED  TO A 
LARGE NUMBER OF INDIVIDUAL SENSING ELEMENTS UP TO A SINGLE 
NANOPARTICLE  USING  CONFOCAL  OR  NEAR½ELD  MEASUREMENT 
TECHNIQUES  &INALLY  THE  EXTINCTION  SPECTROSCOPY  DOES  NOT 
NEED A COMPLEX DEVICE A 56VISIBLE MICROSPECTROMETER CAN 
BE EF½CIENT ENOUGH TO GET THE SPECTRA
)N  THIS PAPER  THE  SENSITIVITY OF !U NANOPARTICLES  TO  THEIR 
DIELECTRIC  ENVIRONMENT  WILL  BE  STUDIED  FOR  THE  DETECTION 
OF  -5!  AND  3TREPTAVIDIN  !DDITIONALLY  THE  SELECTIVITY  OF 





OF  THESE  NANOSENSORS  4HE  %",  SYSTEM  PERMITS  TO  CONTROL 
WITH HIGH PRECISION THE SHAPE THE SIZE BUT ALSO THE DISTANCE 
BETWEEN  THE  NANOPARTICLES  AND  CONSEQUENTLY  TO  TUNE  ,30 
RESONANCE  OF  METALLIC  NANOPARTICLES  ARRAYS  	  ON  THE 
WHOLE VISIBLE RANGE 4HUS WE CAN CHOOSE THE SPECTRAL BAND 
WHICH APPEARS TO BE THE MOST SENSITIVE TO THE ADSORPTION OF 
CHEMICAL  AND  BIOLOGICAL  MOLECULES  4HE  OBTAINED  METALLIC 
NANOCYLINDERS HAVE IN PLANE DIAMETERS OF  NM AND A  
NM  ½XED  INTERPARTICLE  DISTANCE  AS  DETERMINED  BY  3%-  SEE 









max = 685 nm

















max = 661 nm
















  -  ½GURE  		 %ACH DATA POINT  IS AN AVERAGE  RESULTING 
FROM THE ANALYSIS OF EIGHT  IDENTICAL  SAMPLES UNDER  THE SAME 
CONDITIONS !CCORDING TO ½GURE  THE LIMIT OF DETECTION ,/$	 
IS  -  FOR -5!  &ROM  THE BINDING  CURVE WE CAN  CALCULATE 
THE SURFACECON½NED BINDING CONSTANT +ASURF AND WE OBTAINED 
	 -  FOR MERCAPTOUNDECANOIC ACID 4HIS  VALUE 




OF  MOLECULES  OF  -5!  ON  REAL  PROBED  ZONE  XM	  !T 
































7E CAN CALCULATE  THE NUMBER OF MOLECULES OF  3!  &ROM 
EQUATION  	 WE ½RST DEDUCED BY A  SIMPLE CALCULATION  	 
THE NUMBER OF MOLECULES OF -5! PER NANOPARTICLE AND WE 
FOUND   MOLECULES  FOR  M-  OF -5!  CONCENTRATION	 
4HEN THE EFFECTIVENESS 	 OF THE BINDING "IOTIN-5! IS ABOUT 
  THAT  GIVES  US    BIOTIN  SITES  PER  NANOPARTICLE 
THIS NUMBER IS DETERMINED BY THE YIELD OF THE %$# COUPLING 

















LIMIT OF DETECTION  FOR  THE NANOSENSOR WAS DETERMINED  TO BE 
X  MOL  FOR  -5!  AND  X  MOL  FOR  3! 
CORRESPONDING TO A DENSITY OF RESPECTIVELY  -5! AND  
3! PER NANOPARTICLE 4HE TOTAL NUMBER OF PROBED MOLECULES IS 
10-6 10-5 10-4 10-3 10-2 10-1






















10-13 10-12 10-11 10-10 10-9 10-8 10-7 10-6


















4HE  SPECI½C  BINDING  OF  3!  TO  BIOTIN  IS  SHOWN  IN  THE  RESPONSE  CURVE 





!LTHOUGH  THE  RESULTS  PRESENTED  IN  THIS  WORK  ARE  FAR 
FROM  CONCLUSIVE  THE  ADVANTAGES  OF  ,302BASED  SENSORS 
DISCUSSED IN THE INTRODUCTION OPEN THE POSSIBILITIES OF FURTHER 




DE  L´!UBE  DISTRICT GRANT	  AND  THE %UROPEAN 3OCIAL  &UND  FOR 
0H$ RESEARCH
!BOUT THE AUTHORS
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OF  BIOLOGICAL  AND  CHEMICAL  NANOSENSORS  BASED  ON  LOCALIZED 
SURFACE  PLASMON  RESONANCE  THE  SCANNING  NEAR½ELD  OPTICAL 
MICROSCOPY AND THE LUMINESCENCE OF NANOPARTICLES
*EAN,OUIS "IJEON  IS  ASSOCIATE PROFESSOR 
AT  5NIVERSITY  OF  4ECHNOLOGY  OF  4ROYES  HE 
IS  THE (EAD  OF  THE  0HYSICS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ITS  RESEARCH  THEMES  INSIDE  THE  .ANOTECHNOLOGY  AND  /PTICAL 






IN  0HYSICS  	  AT  THE  5NIVERSITm  OF 
0OITIERS AND THE !UTONOMOUS 5NIVERSITY OF 
"ARCELONA (E IS NOW ASSISTANT PROFESSOR OF 
PHYSICS  AT  THE 5NIVERSITY OF  4ECHNOLOGY OF 
4ROYES  )N  RECENT  YEARS  HIS  INTERESTS  WERE 
MAINLY FOCUSED ON METAL NANOSTRUCTURES AND THEIR APPLICATIONS
-ARC ,AMY DE  LA #HAPELLE  GOT  IS  0H$ 
IN    ON  THE  2AMAN  SPECTROSCOPY  OF 
CARBON  NANOTUBES  3INCE    HE  WAS 
ASSISTANT  PROFESSOR  AT  THE  5NIVERSITY  OF 
4ECHNOLOGY  OF  4ROYES  (E  IS  SPECIALIZED 





0IERRE-ICHEL  !DAM  HAS  OBTAINED  HIS 
0H$ THESIS IN *ANUARY  AT THE 5NIVERSITY 
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 
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